Introduction
============

Ischaemic reperfusion (I/R) occurs during surgical procedures, including hepatic resection and liver transplantation (LT) [@B1]. Hepatic I/R is an important cause of liver damage and is also the underlying cause of graft dysfunction in marginal organs. Hepatic I/R injury can result in loss of viability of a liver graft, which is directly correlated with the recipient\'s survival [@B2].

I/R is a common pathological disorder leading to acute liver injury, a potentially life-threatening clinical condition with high morbidity, mortality, and prolonged patient hospitalization. Unfortunately, there are no good treatments to improve hepatic I/R injury. Hepatic I/R injury is characterized by endothelial and Kupffer cell swelling, vasoconstriction, leukocyte infiltration, and platelet aggregation in sinusoids [@B3]. The end result is microcirculatory failure. Activation of Kupffer cells and neutrophils leads to release of inflammatory cytokines and free radicals, which further aggravate liver injury [@B4], [@B5]. This concept has led to intense efforts to develop agents with direct anti-inflammatory and anti-apoptotic properties; however, to date, there is still no effective drug for the treatment of I/R in clinical practice [@B6].

Tripartite motif (Trim) 8, a member of the Trim family, is defined by the presence of a common domain structure composed of a tripartite motif that includes a RING-finger domain, one or two B-box domains, and a coiled-coil motif. The Trim8 gene maps to chromosome 10 within a region which is frequently deleted or rearranged in tumours and transcribes a 3.0-kB mRNA transcript [@B7]. Trim8 expression is mostly ubiquitous in murine and human tissues, and in epithelial and lymphoid cells, which can be induced by IFN-γ. Trim8 functions as an E3 ubiquitin ligase that interacts with and ubiquitinates diverse substrates. Previous study on Trim8 showed it is implicated in various pathological processes, including inflammation, autophagy and cancer [@B8]-[@B10]. Trim8 promotes K63-linked polyubiquitination of transforming growth factor β-activated kinase 1 (TAK1), leading to the activation of TAK1 and enhanced inflammatory responses in Pseudomonas aeruginosa induced keratitis [@B9]. In nonalcoholic steatohepatitis, Trim8 directly binds to and ubiquitinates TAK1, thus promoting its phosphorylation and the activation of downstream c-Jun N-terminal kinase/p38 and nuclear factor κB signalling [@B11]. Trim8 also contributes to pathological cardiac hypertrophy through enhancing TAK1-dependent signalling [@B12]. Previous research also showed that TAK1 is closely related to liver ischaemia and reperfusion [@B13]. Therefore, we speculated that Trim8 could regulate hepatic ischemia reperfusion injury by regulating TAK1 function.

In the present study, we found that Trim8 protein expression was significantly increased in livers after I/R injury, indicating that Trim8 may play an important role in the pathogenesis of hepatic I/R injury. Using Trim8 knockout mice, we demonstrated that Trim8 deficiency alleviated hepatic I/R injury by suppressing inflammation and apoptosis. Mechanistically, we found that Trim8 deficiency blocked activation of the TAK1-JNK/p38 signalling axis. Collectively, this work reveals a novel function of Trim8 in hepatic I/R injury and suggests that Trim8 may serve as a drug target for hepatic I/R injury.

Materials and methods
=====================

Reagents
--------

Antibody against Trim8 was purchased from ProSci Incorporated (25-217). Antibodies against p-IkBα (9246), IkBα (4814), p65 (4764), p-p65 (3033) p-Ikkβ (2078), Ikkβ (8943), Bax (2772), Bcl2 (3498), C-Caspase3 (9664), p-ERK (4370), ERK (4695), p-JNK (4668), JNK (9252), p-p38 (4511), p38 (9212), p-ASK1 (3765), p-TAK1 (4531), TAK1 (4505) and GAPDH (2118) were purchased from Cell Signalling Technology. Antibody against ASK1 was purchased from Abclonal (A6274). Goat anti-mouse (115-035-003) and goat anti-rabbit (111-035-003) secondary antibodies were purchased from Jackson Laboratory. Foetal calf serum was purchased from HyClone. Cell culture reagents and all other reagents were purchased from Sigma.

Animal models and procedures
----------------------------

All the animal experimental protocols were approved by the Animal Care and Use Committee of Renmin Hospital of Wuhan University. Animal maintenance was in accordance with Animal Experiment Center of Wuhan University standard guidelines. The experiments were conducted in accordance with the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals. Mice were kept in an air-filtered, temperature-controlled (22-24°C), light-controlled room with humidity between 40 and 70% and were permitted free access to a standard diet.

Trim8 gene knockout mice were generated according to a previously described protocol [@B12]. The mouse hepatic I/R injury model was constructed according to the classical method with little modification [@B14]. A ventral midline incision was made into the abdomen to expose the hepatic pedicles of the left and middle lobe of the liver. The portal vein and hepatic artery of the middle and left lobes were blocked with non-invasive vascular clamps, resulting in approximately 70% hepatic ischaemia to prevent severe mesenteric vein congestion. After 0.5 min, compared with the non-blocked right lobe, the blocked lobes turned white, indicating successful blood flow blockage. No hepatic blood flow blockage was performed in Sham group mice.

After 60 min of ischaemia, the vascular clamps were removed, and the hepatic blood flow was restored. Sampling: Mice in the sham operation group (sham operation group) and ischemia reperfusion group were anesthetized with 3% pentobarbital sodium at 6 h and 24 h after surgery.1ml of orbital venous plexus blood was taken and serum was separated. Meanwhile, the left liver lobe of the ischemic area was collected, frozen in liquid nitrogen or fixed in 10% formalin medium for 24 hours, and paraffin sections were embedded after dehydration.

Isolation, culture and *in vitro* hypoxia/reoxygenation (H/R) of primary hepatocytes
------------------------------------------------------------------------------------

Primary hepatocytes were isolated from 6-8-week-old male mice via type IV collagenase digestion as described previously [@B14], [@B15]. After anaesthesia, the mouse abdominal cavity was opened, and 0.5% type IV collagenase (catalogue no. 17104-019, Thermo Fisher Scientific) was injected into the portal vein. When the liver was completely digested, the liver was then excised, minced, filtered, and centrifuged to obtain primary hepatocytes. The cells were cultured in DMEM (catalogue no. 11965092; Invitrogen) supplemented with 10% FBS in plates coated with rat tail collagen at 37 ℃ with 5% CO2.

In order to establish an *in vitro* ischemia reperfusion model, the primary hepatocytes were divided into Control group and H/R group. The hepatocytes in the Control group were cultured in complete medium at 37℃ and 5% CO~2~, while the hepatocytes in the H/R group were cultured with sugar-free and serum-free DMEM in the O~2~ / CO~2~ cell culture system in (37℃ and 5% CO~2~, 1% O~2~) for hypoxia training for 6 hours. After completion of the hypoxia treatment, the H/R group was restored under normal conditions for the indicated time, similar to the Control group.

Recombinant adenovirus production and transfection
--------------------------------------------------

Recombined adenoviruses mediating gene expression were constructed as previously described [@B16]. Briefly, AdCaTAK1 was generated to overexpress the constitutively active form of TAK1 (CaTAK1), and AdGFP was used as control. Primary hepatocytes were infected with the recombinant adenoviruses at a multiplicity of infection (MOI) of 100 for 24 h.

Serum biochemical analysis
--------------------------

Serum alanine aminotransferase (ALT), serum aspartate aminotransferase (AST) and alkaline phosphatase (ALP) levels in the serum were detected with an ADVIA 2400 biochemical analyser (Siemens, Tarrytown, NY, USA).

The inflammation markers tumour necrosis factor TNF-α and Ccl2 in the serum were measured according to the standard procedure recommended by the kit manufacturers (Murine TNF-α Standard ABTS ELISA Development Kit, Peprotech, 900-K54; Mouse CCL2 Quantikine ELISA Kit, R&D Systems, MJE00).

Pathological analysis
---------------------

### HE staining

The liver was excised, fixed with 10% phosphate-buffered formalin, embedded in paraffin, and sectioned to a 5-μm thickness according to the standard procedure. We deparaffinized and gradually hydrated the sections before examining them with HE staining. A pathologist who was blinded to the experimental protocol provided the morphological assessments.

### TUNEL staining

In order to detect apoptosis induced by I/R, we used an in situ apoptosis detection kit (ApopTag® Plus In Situ Apoptosis Fluorescein Detection Kit, 11684817910; Roche). TUNEL analysis was performed according to the kit\'s instructions. After observing the TUNEL-positive cells under a fluorescence microscope (version 2.2, Olympus), we evaluated the number of TUNEL-positive cells per high field of the tissue section using a quantitative digital analysis imaging system, Image-Pro Plus (version 6.0).

Immunofluorescence
------------------

The infiltration of inflammatory cells into the liver sections was detected via immunofluorescence staining by applying primary anti-CD11b antibody (ab75476, Abcam), anti-Ly6g antibody (ab25024, Abcam), anti-F4/80 antibody (MCA497, Serotec). After incubation with primary antibody overnight at 4°C, liver sections were incubated with fluorescence-labelled secondary antibodies (Goat anti-rabbit-IgG, A-11011, Thermo Fisher Scientific; Conjugate Anti-rat IgG, 4417, Cell Signalling Technology) for 1 hour. Liver slices were washed and then mounted with DAPI-Fluoromount-G (Thermo Fisher Scientific). Immunofluorescence images were obtained using a fluorescence microscope with DP2-BSW software (version 2.2, Olympus). Positive-staining cells in the images were quantified using Image-Pro Plus software (version 6.0).

Western blotting
----------------

Protein was extracted from the liver tissues and primary hepatocytes according to standard operating procedures. Protein concentrations were detected using a BCA Protein Assay kit (Thermo Fisher Scientific, 23225). In short, the protein samples were separated on 12.5% a sodium dodecyl sulphate-polyacrylamide gel and then transferred them to a nitrocellulose membrane. The membrane were blocked using 5% non-fat dry milk in a TBS-T buffer and incubated it overnight at 4°C with primary antibody. After the blots were rinsed extensively with TBS-T buffer, they were incubated with HRP-conjugated secondary antibody and developed using an enhanced chemiluminescence system, and images were captured on a light-sensitive imaging film.

qPCR
----

Total RNA was extracted from cultured hepatocytes and hepatic tissues using TRIzol reagent (T9424, Sigma) according to the manufacturer\'s instructions. After RNA was reverse transcribed into cDNA using a Transcriptor First Strand cDNA Synthesis Kit (R312-02, vazyme), quantitative real-time PCR amplification was performed using SYBR Green PCR Master Mix (R323-01, vazyme). Each experiment was performed in triplicate, and the results were calculated by normalizing the expression of β-actin in the mean gene expression. The PCR reactions were performed using the following cycling conditions: incubation at 95℃ for 10 min, followed by 40 cycles of 95℃ for 10 s and 60℃ for 1 min. The relative mRNA expression levels were calculated using the 2^-ΔΔCt^ method and were normalized against β-actin. All the primers information are listed in Table [1](#T1){ref-type="table"}. These data represent the means of three experiments.

Statistical analysis
--------------------

All data are presented as the mean ± standard error. The SPSS 19.0 software was applied for all statistical analyses. Statistical differences among more than 2 groups were examined using one-way ANOVA, followed by Bonferroni analysis (for data meeting homogeneity of variance) or Tamhane\'s T2 analysis (for data demonstrating heteroscedasticity). Statistical differences between two groups were examined with a two-tailed Student\'s t-test. Differences were considered statistically significant when P \< 0.05.

Results
=======

Hepatic ischaemia and reperfusion induces upregulation of Trim8 protein expression *in vivo* and *in vitro*
-----------------------------------------------------------------------------------------------------------

To explore whether Trim8 was associated with hepatic I/R, we constructed the hepatic I/R model in mouse and in primary hepatocytes. In a mouse model of hepatic I/R injury, Trim8 protein expression was upregulated in the liver samples at 6 hours after reperfusion (Fig. [1](#F1){ref-type="fig"}A). However, the mRNA expression of Trim8 was not affected whether 3 or 6 hours after reperfusion (Fig. [1](#F1){ref-type="fig"}B), indicating that the regulation of Trim8 protein expression after hepatic I/R injury may be dependent on posttranslational modification. The protein expression of Trim8 was also consistently significantly increased in primary hepatocytes at 6 hours after H/R (Fig. [1](#F1){ref-type="fig"}C). These results suggested that Trim8 is involved in the pathogenesis of hepatic I/R injury.

Trim8 deficiency relieves hepatic I/R injury
--------------------------------------------

To explore the function of Trim8 on I/R induced liver damage, the Trim8 knockout mice were generated (Fig. [2](#F2){ref-type="fig"}A). Trim8 knockout (KO) mice and wild-type (WT) mice were used to construct a hepatic I/R model. Compared with WT mice, the serum levels of ALT, AST and ALP in the Trim8 KO mice were significantly decreased at 6 hours and 24 hours after reperfusion (Fig. [2](#F2){ref-type="fig"} B-D). According to the result of HE staining, compared with the WT group with I/R, the necrotic area in livers was significantly reduced in the Trim8 KO group with I/R (Fig. [2](#F2){ref-type="fig"}E). These results demonstrate that Trim8 deficiency relieves hepatic I/R injury.

Trim8 deficiency inhibits liver inflammation during hepatic I/R
---------------------------------------------------------------

During the development of I/R, multiple inflammatory cytokines are secreted and the NF-κB pathway is activated [@B4]. Moreover, Previous investigations have revealed that Trim8 plays an important role in regulating inflammatory responses and NF-κB signaling pathways[@B8].To further evaluate the effect of Trim8 on inflammation responses during hepatic I/R injury, the relative mRNA levels of IL6, IL1β, Ccl2, Ccl5 and Cxcl2 were examined in the livers from WT and KO mice at 6h post reperfusion and the result showed that the mRNA levels of these cytokines significantly decreased in KO mice (Fig. [3](#F3){ref-type="fig"}A). Immunofluorescence staining showed that CD11b^+^ cells infiltration in the liver tissue of KO group was significantly less than that of the WT group at 6h post-reperfusion (Fig. [3](#F3){ref-type="fig"}B). Compared with WT group at 24h post-reperfusion, the TNF-α and Ccl2 concentration in the serum was significantly reduced in KO group (Fig. [3](#F3){ref-type="fig"}C), the mRNA expression of inflammatory factors, such as IL1β, IL6, Ccl2, Ccl5 and Cxcl2, was also dramatically reduced (Fig. [3](#F3){ref-type="fig"}D). In addition, the infiltration of CD11b, Ly6g and F4/80 positive cells in liver tissue was decreased by Trim8 deficiency (Fig. [3](#F3){ref-type="fig"}E). Western blotting showed that the classic NF-κB pro-inflammatory signalling pathway was dramatically inhibited by Trim8 deficiency, which was demonstrated by the significant reduction in activation of p-IκBα, p-p65 and p-IKKβ proteins (Fig. [3](#F3){ref-type="fig"}F). The above results indicated that the Trim8 deficiency inhibits inflammatory response during hepatic I/R injury.

Trim8 deficiency alleviates apoptosis after hepatic I/R *in vivo*
-----------------------------------------------------------------

Apoptosis also plays an important role in hepatic I/R injury. Apoptosis features in liver were measured in WT and KO mice after hepatic I/R. TUNEL staining showed that Trim8 deficiency dramatically alleviated hepatocyte apoptosis (Fig. [4](#F4){ref-type="fig"}A). Western blot results validated the up regulation of anti-apoptotic protein Bcl2 and the down regulation of pro-apoptotic protein Bax and C-Caspase3 in the livers of Trim8 KO mice compared with WT mice at 24 hours after I/R (Fig. [4](#F4){ref-type="fig"}B). Moreover, RT-PCR was applied into detect the mRNA expression of apoptosis signalling pathway factors. The results showed that the mRNA expression of the pro-apoptotic Bax and Bad was decreased and the expression of the anti-apoptotic Bcl2 was significantly increased in the KO group at 24 h after I/R (Fig. [4](#F4){ref-type="fig"}C).

Trim8 deficiency alleviates inflammation and apoptosis in primary hepatocyte
----------------------------------------------------------------------------

To further clarify whether the pro-inflammatory effect of Trim8 is mediated by hepatocytes, the primary hepatocytes isolated from the Trim8 KO mice and wild type mice were treated with H/R or Control treatment. The results showed that the Trim8 deficiency in hepatocytes inhibits the expression of inflammatory cytokines, chemokines and pro-apoptotic associated molecules, promotes the expression of anti-apoptotic molecule (Fig.[5](#F5){ref-type="fig"}A-[5](#F5){ref-type="fig"}B). Western blot showed that the classic pro-inflammatory NF-κB signalling pathway was dramatically inhibited by Trim8 deficiency after H/R treatment, as demonstrated by the significant decrease in p-IKKβ, p-IκBα and p-p65 (Fig.[5](#F5){ref-type="fig"}C). Additionally, Western blot results further validated the up regulation of Bcl-2 and down regulation of Bax and C-Caspase3 in Trim8 deficiency hepatocytes (Fig.[5](#F5){ref-type="fig"}D). Taken together, these results demonstrated that Trim8 deficiency inhibits inflammation and apoptosis in hepatocytes after H/R treatment.

TAK1-JNK/p38 signalling is involved in Trim8-regulated hepatic I/R injury
-------------------------------------------------------------------------

The underlying mechanisms of Trim8 in hepatic I/R injury were explored *in vitro* and *in vivo*. We detected the level of MAPK activation in the livers of WT and KO mice at 24 h after I/R. The results showed that Trim8 deficiency blocked activation of p-JNK and p-p38 but had no effect on p-ERK (Fig. [6](#F6){ref-type="fig"}A). Consistent with the vivo results, phosphorylation level of JNK and p38 was significantly decreased in primary hepatocytes from KO mice at 6h after H/R (Fig. [6](#F6){ref-type="fig"}B). Furthermore, we examined the activation of p-ASK1 and p-TAK1, which are the classical upstream mediators of the JNK and p38 signalling pathway. We found that only TAK1 activation was responsive to Trim8 expression changes *in vivo* and *in vitro* (Fig. [6](#F6){ref-type="fig"}C and D). These results demonstrate that Trim8 deficiency protects against hepatic I/R injury by inhibiting activation of the ASK1/JNK/p38 axis.

The effect of Trim8 on hepatic I/R is mediated by TAK1 activity
---------------------------------------------------------------

To further elucidate the molecular mechanism, we isolated primary hepatocytes from WT and KO mice, overexpressing CaTAK1, and exploring the phenotype of hepatocytes after H/R treatment. Western blot was used to detect the expression of Trim8, TAK1 and the phosphorylation level of TAK1. The expression of Trim8 in KO group is extremely low, the protein expression of TAK1 and the phosphorylation level of TAK1 were significantly increased after overexpressing the CaTAK1 (Fig. [7](#F7){ref-type="fig"}A). RT-PCR (Fig. [7](#F7){ref-type="fig"}B, 7D) and Western blotting (Fig. [7](#F7){ref-type="fig"}C, 7E) revealed that H/R treatment induced the activation of NF-κB signaling pathway, the secretion of inflammatory factors and the up-regulation of apoptosis-related molecules are significantly aggravated by CaTAK1. CaTAK1 abolished the difference between WT H/R and KO H/R hepatocytes. Taken together, the effect of Trim8 on hepatic I/R is mediated by TAK1 activity.

Discussion
==========

I/R injury is a complex disorder with multiple causative factors in a variety of settings and with varied clinical manifestations, especially in the field of liver transplantation. The molecular mechanisms of I/R are likely associated with apoptosis, oxidative stress, Ca^2+^ overload, and inflammation. A large number of factors and mediators play an important role in hepatic I/R injury. The involved signalling pathways are highly complex and not yet clearly elucidated.

Hepatic I/R activates the innate immune system to drive full development of inflammatory hepatocellular injury. Damage-associated molecular patterns (DAMPs) stimulate myeloid and dendritic cells via pattern recognition receptors (PRRs) to initiate the immune response [@B17], [@B18]. Then, a complex intracellular signalling network transduces inflammatory signalling to regulate both innate immune cell activation and parenchymal cell death [@B19].

Trim8 is a ubiquitously expressed factor in the Trim family that orchestrates multiple biological processes, including cell survival, differentiation, apoptosis, and in particular, the innate immune response [@B11]. The role of Trim8 in hepatic I/R injury has not yet been reported. To explore Trim8 role in hepatic I/R, we examined Trim8 expression *in vitro* and *in vivo*. Our results demonstrated that the protein expression of Trim8 is upregulated in hepatic I/R mice and cultured primary hepatocytes (Fig. [1](#F1){ref-type="fig"}). To further explore Trim8 function in hepatic I/R, we verified Trim8 effect in Trim8 knockout mice. The results preliminarily demonstrated that Trim8 deficiency alleviates the hepatic I/R injury (Fig. [2](#F2){ref-type="fig"}).

Many studies have shown that Trim8 plays an important role in innate immunity. According to one recent study, Trim8 can negatively regulate TLR3 and TLR4 mediated innate immune and inflammatory responses. Trim8 deficiency leads to increased polyinosinic-polycytidylic acid- and LPS-triggered induction of downstream antimicrobial genes, including TNF, IL-6, and Rantes [@B8]. Trim8 also contributes to pathological cardiac hypertrophy by enhancing transforming growth factor β-activated kinase 1-dependent signalling pathways and regulates the TNF-induced NF-κB pathway [@B12]. Moreover, different domains of Trim8 show discrete functions at different steps in regulation of the TNF-induced NF-κB pathway. The ubiquitin ligase activity of Trim8 is essential for regulation of NF-κB activation in both the cytoplasm and nucleus [@B20]. Therefore, the main mechanism by which Trim8 inhibits inflammation depends on the NF-κB pathway. In our study, we further demonstrated that Trim8 deficiency inhibits the production of inflammatory cytokines and the infiltration of inflammatory cells in liver tissue. The main mechanism also relies on inhibition of the NF-κB signalling pathway (Fig. [3](#F3){ref-type="fig"}).

Excerpt the inflammatory response, cell death is another mechanism involved with liver damage during hepatic I/R [@B18]. During I/R process, initial parenchymal damage is caused by glycogen depletion, lack of oxygen supply and ATP depletion, which lead to later activation of Kupffer cells, recruitment of inflammatory cells, and secretion of cytokines and chemokines produced by different cells [@B21]. The inflammatory response further promotes liver cell damage [@B22], [@B23]. Therefore, the apoptosis mechanism was investigated in our experiments. The results showed that Trim8 deficiency inhibited apoptosis by down regulating Bad, Bax and C-Caspase3 expression and upregulating Bcl-2 expression (Fig. [4](#F4){ref-type="fig"}). The Trim8 effect in hepatic I/R was validated by detecting inflammation and apoptosis in primary hepatocytes (Fig. [5](#F5){ref-type="fig"}).

Regulation of Trim8 expression involves multiple mechanisms. In cancer research, Trim8 is down regulated in glioma affects cell proliferation and is associated with patient survival [@B24]. Trim8 also regulates stemness in glioblastoma through PIAS3-STAT3[@B25] and inhibits tumour growth by restoring p53 tumour suppressor function through blunting of N-MYC activity in chemoresistant tumours [@B26]. In innate immunity under human non-alcoholic fatty liver disease and non-alcoholic steatohepatitis conditions, the function of Trim8 involves targeting of TAK1 to promote insulin resistance and steatohepatitis. Trim8 directly ubiquitinates transforming growth factor-beta-activated kinase 1, thus promoting its phosphorylation and activation of downstream c-Jun N-terminal kinase/p38 and NF-κB signalling [@B11]. The MAP3-kinase TGF-beta-activated kinase 1 (TAK1) critically modulates innate and adaptive immune responses and connects cytokine stimulation with activation of inflammatory signalling pathways, including cell survival, apoptosis, autophagy, oxidative processes, cancer and the immune response [@B27]-[@B30]. TAK1 is a MAP3K protein and is considered a common upstream molecule in the MKK-JNK/p38 and IKK-NF-κB cascade, which induces activation of downstream JNK and NF-κB signalling [@B31]-[@B33]. Previous research also showed that TAK1 is closely related to liver ischaemia and reperfusion [@B34]-[@B37]. In our study, the mechanism by which Trim8 regulates hepatic I/R was found to also depend on the TAK1-JNK1/2/p38 axis (Fig. [6](#F6){ref-type="fig"}), and the effect of Trim8 on hepatic I/R is mediated by TAK1 activity (Fig.[7](#F7){ref-type="fig"}). We have proved that Trim8 in hepatocytes played an important role in hepatic I/R process *in vitro* and *in vivo*. However, since Trim 8 completely knockout mice were applied in this study, the knockout of Trim8 in non-parenchymal cells of liver may also play a role in regulating I/R injury. It needs further study to verify it.

In conclusion, we provide evidence that hepatocyte endogenous Trim8 is an essential molecule for development of hepatic I/R and that its role is dependent on TAK1-JNK1/2/p38 signalling. Thus, targeting Trim8 in hepatocytes may represent a promising strategy to alleviate hepatic ischaemia and reperfusion.
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![**Trim8 expression is upregulated in hepatic I/R models *in vivo* and vitro. (A)** Western blot analysis (Left) and quantification (right) of TRIM8 protein levels in livers from wild type mice with sham treatment or ischemia for 1h followed by reperfusion for 6h **(n=4 per group)**. **(B)** qPCR analysis of Trim8 mRNA levels in livers from wild type mice with sham treatment or ischemia for 1h followed by reperfusion for 3h and 6h **(n=4 per group)**. **(C)** Western blot analysis (Left) and quantification (right) of Trim8 expression in cultured primary hepatocytes after H/R stimuli for 6 h, n=3 independent experiments. All data are shown as the mean ± SD. n.s., not significant; \*\*P \< 0.01.](ijbsv15p1618g001){#F1}

![**Trim8 deficiency relieves liver injury in an ischaemia/reperfusion model. (A)** Trim8 protein levels in livers from wild type (WT) and Trim8-knockout (KO) mice**(n=4 per group). (B-D)** The levels of ALT, AST and ALP in the serum of WT and Trim8 KO mice at 6 h and 24 h after I/R**(n=8 per group)**. **(E)** Representative H&E staining images (Left) and quantification of the necrotic areas in ischaemic liver lobes of the indicated mice at 6 or 24h after I/R**(Scale bar:100μm, n=6 per group)**. \*P \< 0.05; \*\*P \< 0.01. All data are shown as the mean ± SD.](ijbsv15p1618g002){#F2}

![**Trim8 deficiency relieves the inflammation response after hepatic I/R. (A)** mRNA levels of IL6, IL1β, Ccl2, Ccl5 and Cxcl2 in WT and KO group at 6h after I/R**(n=4 per group)**.**(B)** Immunofluorescence staining (20×) of CD11b-positive inflammatory cells (red) in ischaemic liver sections from mice in the indicated groups**(n=6 per group)**. **(C)** Expression levels of TNF-α and Ccl2 in the serum of WT and KO mice 24 h after I/R treatment **(n=8 per group)**. **(D)** mRNA levels of cytokines and chemokines were determined by qPCR in liver tissues from mice in the KO and WT groups at 24 h after hepatic I/R **(n=4 per group). (E)** Representative immunofluorescence staining (20×) of CD11b, Ly6g and F4/80-positive inflammatory cells (red) in ischaemic liver sections from mice in the indicated groups. The nuclei were labelled with DAPI (blue)**(n=6 per group)**.**(F)** Western blot analysis of the activation of NF-κB signalling in livers from Trim8-KO or WT mice, which were challenged by I/R stimulation for 24 h **(n=4 per group)**. GAPDH served as the loading control. All data are shown as the mean ± SD. n.s., not significant; \*P \< 0.05; \*\*P \< 0.01.](ijbsv15p1618g003){#F3}

![**Trim8 deficiency relieves apoptosis in hepatic I/R**. **(A)** TUNEL staining (20×) of liver sections at 24 h after reperfusion **(n=6 per group)**.**(B)** Western blot analysis of Bax, Bcl2 and cleaved-caspase-3 expression in livers from WT and KO mice at 24 h after I/R or a sham operation **(n=4 per group)**. GAPDH served as the loading control. **(C)** The mRNA levels of Bad, Bax and Bcl2 in livers from WT and KO mice at 24 h after I/R **(n=4 per group)**. All data are shown as the mean ± SD. \*\*P \< 0.01.](ijbsv15p1618g004){#F4}

![**Trim8 deficiency inhibits inflammation and apoptosis in H/R-treated hepatocytes. (A-B)** Relative mRNA levels of cytokines and chemokines (A) and apoptosis associated gene (B) in control or H/R-treated primary hepatocytes.**(C)** Protein levels of NF-κB signalling pathway in H/R-treated hepatocytes.**(D)** Protein levels of apoptosis-related molecules (Bax, C-Caspase3 and Bcl2) in H/R-treated hepatocytes. All data are shown as the mean ± SD. n=3 independent experiments. n.s., not significant; \*P \< 0.05; \*\*P \< 0.01.](ijbsv15p1618g005){#F5}

![**Trim8 deficiency inhibits TAK1-JNK/p38 signalling. (A)** The protein levels of total and phosphorylated ERK, JNK and p38 in liver tissues from the indicated groups **(n=4 per group)**. **(B)** Total and phosphorylated ERK, JNK and p38 protein levels in Control or H/R-treated hepatocytes. n=3 independent experiments.**(C)** The protein expression of total and phosphorylated ASK1 and TAK1 in liver tissues from the indicated groups **(n=4 per group)**.**(D)** Total and phosphorylated ASK1 and TAK1 protein levels in Control or H/R-treated hepatocytes. n=3 independent experiments. All data are shown as the mean ± SD. n.s., not significant; \*\*P \< 0.01.](ijbsv15p1618g006){#F6}

![**The effect of Trim8 on hepatic I/R is mediated by TAK1 activity. (A)** The expression levels of Trim8, TAK1 and the phosphorylation level of TAK1 (left) and quantification results (right) in the indicated groups. **(B, D)** Relative mRNA levels of cytokines and chemokines (B) and apoptosis associated gene (D) in H/R-treated indicated groups. **(C)** The levels of total and phosphorylated Ikkβ, IkBα and p65 (left) and quantification results (right) in indicated groups. **(E)** The expression levels of apoptosis-related molecules (Bax, C-Caspase3 and Bcl2) (left) and quantification results (right) in indicated groups. All data are shown as the mean ± SD. n=3 independent experiments. \*P \< 0.05; \*\*P \< 0.01.](ijbsv15p1618g007){#F7}

###### 

Primer information

  Gene      Forward primer                Reverse primer
  --------- ----------------------------- -------------------------
  Trim8     GTGGAGATACGGAGGAATGAGA        TGGTGCAGCTTTTCGTACTGC
  IL1β      CCGTGGACCTTCCAGGATGA          GGGAACGTCACACACCAGCA
  IL6       TAGTCCTTCCTACCCCAATTTCCTACA   TTGGTCCTTAGCCACTCCTTC
  Ccl2      AGAGGATCACCAGCAGC             ACCTTAGGGCAGATGCAGTT
  Ccl5      TGCTGCTTTGCCTACCTCTC          TCTTCTCTGGGTTGGCACAC
  Cxcl2     GCGCCCAGACAGAAGTCATA          CAGTTAGCCTTGCCTTTGTTCA
  Bad       CCAGAGTTTGAGCCGAGTGAGCA       ATAGCCCCTGCGCCTCCATGAT
  Bax       TGAGCGAGTGTCTCCGGCGAAT        GCACTTTAGTGCACAGGGCCTTG
  Bcl2      TGGTGGACAACATCGCCCTGTG        GGTCGCATGCTGGGGCCATATA
  β-actin   GTGACGTTGACATCCGTAAAGA        GCCGGACTCATCGTACTCC
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